T —1H»

& @K E D HATY R B

IR E B4 SURTS AL K o 18 T AL A DT E A B A AT
R, WEETT, ERBL, EEE, RUE S5CR LEH

Evaluation of tissue status of cultured black carp and distribution characteristics
of digestive enzyme and antioxidant enzyme in the intestine
ZHOU Fenglin, TAO Lizhu, WANG Angqi, MAO Siqi, XU Xiaoyan, LI Jiale, SHEN Yubang

TEZENYIE View online: https:/doi.org/10.12024/js0u.20200403006

T RE RSB HA S E

Articles you may be interested in

RS e K i 108 2R A A ML B T AR S A R TR AT
STUDY ON DISTRIBUTION CHARACTERISTICS OF INTESTINAL MUCOUS CELLS AND DIGESTIVE ENZYME ACTIVITIES
IN PARAMISGURNUS DABRYANUS

KA. 2017, 41(5): 1048 hitps:/doi.org/10.7541/2017.131

o~ RN S I I A . T AREES AT A AL RE I YRR
Effects of o —ketoglutarate supplementation on morphology, digestive enzyme activity and antioxidant capacity in intestine of hybrid

sturgeon

TR 22241 2015, 30(4): 363 https://doi.org/10.16535/j.cnki.dlhyxb.2015.04.004

[LREER GV S IR DU WAL 22 e Re S8 NI SR T ARIE ol SN | e S Lo N i [N & T Rl 2 R ID AL
Effects of compound feed and live feed on the growth,survival,and the activities of digestive enzyme,nonspecific immunity enzyme,

metabolic enzyme,and antioxidant enzyme of young fish Coilia nasus

IKF=2E4. 2014, 38(12): 2029 hitps://doi.org/10.3724/SP.J.1231.2014.49309

PIFPSRIE AR YRS IR A IR | TR BRSPS TR ATPRGS ) 10 22 5

Comparison of the Body Color, Texture, Activities of Viscera Digestive Enzymes, Antioxidant Enzymes and ATP Enzymes of Two

Cultured Population of Misgurnus anguillicaudatus

Wl Bl2FIERE. 2017, 38(2): 121 https://doi.org/10.11758/yykxjz.20160118001

Mo o & £ SR BT S SRR RIS P 5
Effects of Molybdenum Ion on Histological Structure of Tissue and Organs and Antioxidant Enzyme Activity in Grass Carp
IKF=RRE. 2017, 36(3): 317 https://doi.org/10.16378/j.cnki.1003-1111.2017.03.010

AR IR AEAE STt 2R RS IO S B R A 4 T T 1 e il 2 A AL B
Effects of probiotic addition on the growth performance, digestive enzyme activity, and intestinal morphology of gibel carp (Carassius

auratus gibelio) cultured using biofloc technology

rRE K =R, 2018, 25(5): 1004 hitps://doi.org/10.3724/SP.J.1118.2018.17450


http://www.aquaticjournal.com/article/doi/10.12024/jsou.20200403006
http://www.aquaticjournal.com/article/doi/10.7541/2017.131
http://www.aquaticjournal.com/article/doi/10.16535/j.cnki.dlhyxb.2015.04.004
http://www.aquaticjournal.com/article/doi/10.3724/SP.J.1231.2014.49309
http://www.aquaticjournal.com/article/doi/10.11758/yykxjz.20160118001
http://www.aquaticjournal.com/article/doi/10.16378/j.cnki.1003-1111.2017.03.010
http://www.aquaticjournal.com/article/doi/10.16378/j.cnki.1003-1111.2017.03.010
http://www.aquaticjournal.com/article/doi/10.3724/SP.J.1118.2018.17450

. N ‘\‘ AYY AYY
5530 %5 2 1 W HEREER Vol.30, No.2
2021 4 3 A JOURNAL OF SHANGHAI OCEAN UNIVERSITY Mar., 2021

MEHRS: 1674-5566(2021)02-0205-09 DOI;10. 12024/jsou. 20200403006

FETEHAARSEMHEBEE LB ELED BT

EEAMA, mWA, TxH, BER, RRE, XL, KEH

(L. BRI R A AR AR ERRAK ™ B SR T S0 %, Bl 2013065 2. BiEAE R K™ SR EH T AL ST
O, b 2013065 3. _RIFRTERSE KRS E R RImH A NE L, B 201306)

A E: O DIEEIREE AT 5 i (Mylopharygodon piceus) AN[RJ 4 ZVHPRAS F 34 1 (A [ A Be i SR 204,
fdt FHZHZ 72 i RGO RS T ORI 26 T VAl , S ol RS AGLI 0 BT 5 S AN ) i B T AL BRI BT 4R
PRBGR oA o S5 R T5 A AEE RN AR B4R AL T 1 200 190840, i 2 b5 e r s B L i8] I
GG FENGIE I 2 5 B eh R B R T b B A0 G A RN R 2 5 HE RN IR BT . T ALY Fulton ARZST5 4L
(fulton’ s conditional factor,CF)4\F 1.01 F| 2.30 Z[a], ¥ K 1. 19; F4A&+5 %X ( hepatic somatic index, HSI) 4}
T°0.29 £ 0.93 Z (8], By 0. 58, FBARAGIN 1) 75 RS RLAF . TETF AR miE b, I A B AT A LB TE A ]
Jo B 1) AT A A 0 2 S, i T U8 b B g U I R I 8 1 R 0 PR W TS W, JE T rh o A B L
(superoxide dismutase,SOD) Bt H ik J7 B ( glutathione reductase, GR) | i 8 4k & i ( catalase, CAT) 5 P4 A0
SPTAALEE T (total antioxidant capacity, T-AOC) .2 w5 THIM o 4520 AT LG FRH (SR GURS VAl FA 1E A

[E#R s> ThRe 22 T M iR i — B W S R .
KER: H; piE; A%, B, EEES
B ES: S917 XHEFRER: A

Bt 7K™ 5 B ) T R i, SR A K AR S
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PEATAREES) RIS, #0125 0 1 38 AN AU T 1 % i
RV FE G, 8 B R r U fe, e
KEERK A Pl E ELEEMERY . EHN
SR BN B HEAT T R E ST, iR AE A
ZUE R A [R], H #0200 [l 38 73 S i b i A
=170 1170 7] e NN E S ER K B Ee o <
F T A B9, 5800 i 2 5 1 2 1o AR, (2 2 )
T AR s I B W s 0N B B8 B 8, % K O F 9t
JEA RS RE 77 o TAMOTSU %517 ffF 5% %
M4 £ ( Carassius auratus Linnaeus ) {817 1752 I

R T2 2 BT, 1T o R T e 240 B PN A7 AR AR o

W EHER: 2020-04-17 f&[E HE#A: 2020-05-20

LY, BN R 2 B8 o 1t I i A Ak o 5 2R SC
2180 9530 B EG B 1 £ ( Pelteobagrus vachelli) J5 1
PR A0 2 P A e, TR SE A8 19 HE 0 KoK g3
Eh o3 i HE RS A bl B

T 1 ( Mylopharyngodon piceus ) & 3% E IR K F#
B TURFE " Z—, LR S o £, i T3
HA P8R KR EF 8 SR O e S5 L TR
RIHBH B E %o 2016 4F75 [ 35 5 7™ ik 3
632 T3 t, A ER R Mol 4 VB PR Hh ) B
SOKPFRE YR, AR S AR RS
AT BT B B0 AR A I B R L
(total antioxidant capacity, T-AOC ) 5 HL{&K B4 2
K DIAR G, X 3 18 ik A I 200 i 1 7 480 1 g A
DUA S shRE A BBV o PR fe S A
W J5 22534 1 5t [ i B 1 UE A9 8 i 017 g
B E H OB, B A L Bk B ( superoxide
dismutase, SOD) . & Bt H Bk 36 JR i ( glutathione
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reductase , GR) |13 48 1k Z( fiff ( catalase, CAT) {9 7§
PEFT T-AOC, IR A 7] 1 Be T 46 Fi F 2
TR 2 5. AR R FE T F MR
7 IE D RERRE S L I A= 2= BT L, il
AT A2 BRI S e 2 it 1 — s A BE R ESHE

1 Me5I5k

1.1 XEA&

SCER T R B R ORI R
SHIEH , SR A e A AR R 0 4R R (Gl
BB RA TR, EEEFRMO IR 1, FRFE
[l EEK (8:00,17:00) BMLAC A 1k 2 U, H AR
O MBYE R BR 1 5% ,JF T 2019 4 4 A Bl
PRIk 40 RARITR (35 £2) o, KN (15 £2)
em Y75 H1, B IR T ALK 400 L /RAEH 1 8. &
FrRIUIIa] , B E] A H AR b R A e —
B, H oK KA SRR 20% o

x1 FEESHEHBEIEERAS
Tab.1 Main nutritional components

of black carp compound feed

i H Ttems JFiH /05X Mass fraction/ %
M HE R Crude protein 30.00
FEF4E Crude fiber 6.00
M Crude fat 4.00
K43 Crude ash 16.00
7K43 Moisture 12.00

1.2 SRWHE
121 FEACRAE 5 A KA Frill &

BEALIEH 30 FE 7 B ik 2 0 100 mg/L
) MS-222 JpRPE: , ff P Bn R ROBR B4, i 7K
SRR AR BT R B R R L
AR IE AR A R B 4% W 2 B P2
O EE 48 h, H1 T 5 SL i VR & S H LU0 UKk
Pho s BE SRR 100 mg/Liy
MS-222 JiRiE, BT B JE i B, B T B0
PR AR R, —80 CLRAF, JH T /5 SERHE K
Fulton JRZSF5%X (fulton’ s conditional factor, CF)
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FIHFAARTE L (hepatic somatic index , HSIT) #1483 2
LU
Fep = (W,/L%) x100 (1)
Ly = (W,/W,) x100 (2)

s Foe 2y Fulton ARSHEEG W, R ik,
gL AT AR, em; Ly N IFHASR B W, o
P g
1.2.2 HAY) R HIE

[#] 7 B O ZH A IV B2 2 0. 01 mol/ L i iR
2 R T R (PBS) i Uk, 2R WA B A o3 Bl
25% I TEREA TR TP K 24 b, VKR ED A Bl 1
VIR (8 wm) , TR ARKG-FHEL (H. E) e 03500 &
geto rh PR IR S s B TR A ISR
IR
1.2.3  HEUEEAl

A BERNET 46 4 4 (1) 4L 4122 5 i 5%
GV L B, A R IR D) RERE AT R AT M
PEAS HEATPEMEAS | ARAE AR S Al S A X
B B AR AL 5 JLAPAS [F] Y H 2R84, H A8
TERYFEE T 0 ~ 6 RYRCE ATV 7, B R AL
WA 1 ~3(32), AR LAE%E T
A o3 T DA PR R A AN (] S by A5 2
B35 W SR ZABAR N, 75 2 S AR A8 4, B - 1
3 fig 5 65 45 %% ( circulatory disturbance index,
IC) B 47 M 4 728 45 %X ( regressive changes index,
IR) #4714 1 75 48 21 ( progressive changes index,
IP) . RAEFEZX (inflammation index , IT) F1 iR 45 £
(tumour index,IT) , &> &% B 6, 35 1 S 2 {HAH
I A iz B R g B 7840 (organ index,10) . AR
fii: ZIMMERLL %5 R 43 25 3 55, (11 85 B # 50ks
LB R EE N IE R 2™ FH R 0 5 9%, 1 %
(FEEUNT 1) BRI R IEH A2 2= U s T
(811 ~20) AEH B AR H S o 2s s T 4%
(F5%121 ~30) : P AF AL BI2E00AE 5 IV (55K
31 ~40): B EMHN U2 VR (BB KR T
40) . HE M LUFE SR
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R2 ALREFTHEIR
Tab.2 Tools for histopathological assessment

SN MBI TIRELE 1 224k HEERR
Reaction pattern Functional unit of the tissue Alteration Importance factor

TEFR I RERRE T L/ FE 0L Bk 1
Circulatory disturbances 20 ) K b 1
SitAE A 1
ML A 1
) WU !
LR AR 2
e 2
AT i 3
Regressive changes LEHASAY, 1
i3 R 1
DT 1

=
Sl AL 2
B 2
IRIE 3
JER 1

7Y
TIPS e sk 2
Progressive changes - iiyN 1
A= i )
53] 1
R4E Inflammation RES 151k 1
i 2
KL 2
f98 Tumour SRR 3
1.2.4 HALEE KA A fE bR R A I 1.3 HiESH

HERFRICR 5 F A AT e 214 0.1 g,
SRIGIA 0.9 mL 0.9% (¥4 FiR /K , i G IR 2]
SEASCRR oy VR VR O ML BT B 4 B 10% 1Y
HAL K, R D58 ¥ ¥ (coomassie blue
staining ) Il % 41 G513 1 4 1 T e R L fil
JH P 3l A ) AR I 5 i 1) A G 35 & X i
Ui T U Ry T JBR AR A 1 .SOD \GR ,CAT {35 M Fn
T-AOC WY& AT & , SRSl I ot T
I 5 TR Y 1 R O B U 9 A < IR DT A 420 i,
YEMTE S 660 nm, i K (/i & 253 nm, SOD %
550 nm,GR # 340 nm,CAT >4 405 nm,T-AOC }y
405 nm) , ZR Ji5 AR 405 32700 & 16 W A5 o Y 2 2000 i)
TR DT Ky i B AR i . SOD \GR (CAT 11y
PR T-AOC,

B 73 AR 1 SPSS 20. 0 3R 4T, 45 R DA
SEXIH £ bR ifE2E (Mean + SD) SR KR, R HAES
# Kruskal-Wallis 5 55 2% 4% B B9 41 2125 KON 38 A5
2E5%  IFHFAT 2 H R, (T o A P R )
AT UG W S LB A BT A AL RE I A
TG F B EES P <0.05 FREFBE,

2 4

2.1 HaRdmiERiss

Fulton IRASFEECRH-AF8 BOH FPEAh 75 U8
PRI TR 5, CF 4 F 1.01 %) 2. 30 Z 1], ¥H
g 1.19; HSI 4~ F 0.29 #] 0. 93 i, (K
0.58(#3),
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Tab.3 Mean and range of body condition parameters of black carp

T H R 5T i LSS JHF oo Fulton JR 484K JH AR %L
Items Body mass/g Body lengh/cm Liver mass/g CF HSI
Y4{EH Mean(CI) 33.72(31.90 ~35.55) 14.18(13.84 ~14.52)  0.19(0.17 ~0.21) 1.19(1. 11 ~1.27) 0.58(0.54 ~0.63)
Vi Range 27.19 ~45.16 11.23 ~15.66 0.11 ~0.32 1.01 ~2.30 0.29 ~0.93
%7 H Number/ J& 29 29 29 29 29
2.2 BFEMARFRIMIEE BT HIFRIE S B KF- (P >0.05), [q]

HiZe 4 AT LUE 3 A T A g s I TR SR EE IR B ARSI 2 58 A 4
PR 11.7.5.2.6. 8 1 13. 2 B8R B4 ORI 54
BB E R T IR (P <0.05) , 7 148 B i

x4 FEALFERNIEH
Tab.4 Histological response index of black carp

WiH PEA DI RERERG R A IBITHE AR HE AR FR AL RIEFREL i 6 %% HETRE
Ttems IC IR P 1l IT 10
fiff Gill 1.7+1.2° 5.7+4.1¢ 4.3+2.1° 0.0* 0.0* 11.7 +4.0"
BT Liver 0.2+0.6° 4.7+3.8" 0.0* 0.0* 0.0° 5.2+4.54
Jiét Spleen 1.4+1.2° 3.7 +4.2¢ 1.7+2.0" 0.0* 0.0° 6.8 £4.6%
% Intestine 3.4+1.9" 4.8 +4.6° 5.1+1.8° 0.0* 0.0" 13.2 £5.6"°

TE - 2N AL 8] A2 B2 S 15 00 39 AAS TR 9 /N 38 3278 ( Kruskal-Wallis, P <0.05) o Al [ B9 8- 38 BEA RE 257 (P >
0.05),

Notes: Within and among organ differences in histological reaction indices indicated by different small and capital letters, respectively ( Kruskal-
Wallis at P <0.05). Similar letters indicate no significant differences( P >0.05).

2.3 FEAAFAURSTH GUR ™ 5K i IE 5% il 2 A2 A A SCRIR AL, LR 2
FEASLY h, 77 AR EE TP AR IGAE T T 96 SURSELL S M B b B 240 38 A4 A 8 )2 5 e

MG, B R E T MG (E 1) e WIE(ERMD .

BT AL S T Bz 4 A FIR AL, TF A

< 100 < 100p
> 90 > 90
5 80 § 80
e 10 %8 70
BE 60 KE 60
'Y 50 % 50
FE 40 L 40
< 30 = 30
E 20 g 20
10 10
0 =
1% NI% M% N&K V4 1% NI% Mm% NEK VK
2% Grade 2% Grade
(a) f# Gill (b) HF Liver
- 100 - 100
S 90 S 90
5 80t [ g 80
®e 70 %2 70
&S 60 B2 60
'S 50 g 50
EE 40 EE 40
< 30 = 30
E 20 E 20
10 ﬂ 10
0 0 |
1% % mM%k N V& 1% Mg % V& V&
&% Grade &:4% Grade
(c) J® Spleen (d) & Intestine

Bl F&AATHNTERE

Fig.1 Severity of black carp tissue change
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HIZ% 5 R, i AP 5 T AR 5% A TR 45 1
JOiE I A R R 1RO 9 PR R R TR (P <
0.05) , JH AL rF , R 11 I 14 305 18 o mn , R IV

AITE TR Z , VER B RIS TE e ik S5 b S HT A
FERETT AR SOD \GR \CAT Ry 5 EAI T-AOC &
T (P <0.05)

x5 FamEMERFHELESIELER

Tab.5 Digestive enzymes and antioxidant index in the foregut and hindgut intestines of black carp

BiH Ttems Hil Foregut J5 % Hindgut
&4 B Digestive enzyme
TERIG Amylase/ (U/mg) 12.72 £3.69 3.47+0.93*

JE Wi 8 Lipase/(U/g)
i E i Trypsin/ (U/mg)
AL IEHR Antioxidant index

333.27 +45.10
5261.79 £145.08

150.44 +20.71 "
3533.85 £467.68 "

A AL SOD/ (U/mg) 26.69 = 11.61 90.28 +6.07 *
2 e H GR i GR/(U/g) 12.57 £2.02 23.47 +4.06*
AL AR CAT/ (U/mg) 3.65 £0. 18 4.98+0.18*
S ALRE S T-A0C/ (U/mg) 0.16 £0.04 0.29 +0.16*

TR A BAEAR " = " IR SRR B (P <0.05)

Notes: Value in the hindgut with “ s ” superscripts indicate significant difference compared with the foregut (P <0.05).

3 it

Iy M SR AR T R CF OHST FIEE 8
JW (R 2H 2R 27 S5 i K0 8 T AL Tl FN T 481k RE ) AR
AR B A3 A, T LA G b 1 i 57 5E ) £k
FRARZS AN ] s BE i) D RE 3 AL o

CF 2 S5 Wt 25 B 2 A A7 IR 0 A HROIR 2 1
SRR MR KW, CF Bm sy s
HEE AT R B E S T CF BRrsh ¥,
LLORET %51 ¥ it P 161 24 9% PR 150 J% fek FE 4 b
ABFFE A, CF R T 1 3R e @ RS R
U, CF/NT | R BRI KA . AWFFESS
RERFMAE CF AT 101 3] 2.30 Z[H], H{H
119, FMIB A A 7 fo f RS R A, HST
JEM e Z Y E SRR B S 45 bR, HSI Bl 1)k
R AR BE RN MR 1 5 2 P B R 84 i A8 K, AR
SEIRAS I F] 4 HST AT 0.29 3] 0.93 Z[a], H{H
0. 58, 3% 57 FRSLIRATTE LSS B B AH L
BAR, ATREZ th TEE R LA P, Fr E X H
P E AR RN [ (1 DR, TS 8 SR ) AR R T
JFFIE, 34K T HST (8. . 78 P20 6 o
FE L ( Ctenopharyngodon idella ) JIT X & g faltt
A P AL b e B, 45 8. 19 JIg I 1) )
I, FEAAY HST O 2,51, 35 m T4 4. 6% il
FRBDRFL s LR AR 5 2 B, B R L 45 H
2H 588 ( Channa argus) 1) HST S 2.59, B & & T

PR K £ 2H O i ) HSI,

WA s, R R E R, 4
T L Mgz, piEss 7 Mgk, X
J TE A ZE 32 3 T v R IR M R RS L Rz A A 4
HE IR AT 2 S BERSE M B4 . SARAIVA 251 1
Wi & 3 T AR . I 18 2 £ 28T AL A
WSCE SR F 2 B, SERMA R REME
TS AT B B O B S S Y
R, ik — 20 WF 90 A [ i B O A il S b a1k
REJT B 23 A, Wi 23 A 7 #0AS [) o B 2 i ) 22
FFo

VE G i U7 AN AR T LA D PR A i
TS B A T SR AR o R RS B R A
At BN 2 R AR A K £ R B R D
M Mg TR A b 277 IR A T P
FHEME AN, Y b8 B BUK g
DL 2 S iR ™ . AGRAWAL %51 15 Hu
FECTE R PR AN B PR A S 0 UE A I N R U T
T2 S T FE b R B, Mg 077 TS P A TR 1 1 £
i, e S TR A 2R P B . AR
HE M E &R AT & B 2K M g R, A
JBE A U BEE IE > 8 107 B S 1 > TR BRI . R
18 117708 AR TR AN = R T o 1) o -
TR B K TR W A S L R3S
( Scophthalmus maximus ) 14 4% B8 15 14 09 0F 98 H 15
B S S S DR o Vi = e RO 177
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B H T AL B TR ) B i) 2L

L L (SOD  GR CAT) By £ A1 T-AOC
SRR S KT DIRH 5G , X0 T 4 8 A W 200
(IR ARV RE 3 AL 1) S22 T RE AT S 22 T, A
FIHLEL RIS BRI T 2 R A5 B Ak, AT OR3P
LA SZ 4045 . T-AOC S B T HLAHE 4 1L
RERIDIRERBL . SOD JEHLIA P A HL R
TRBEFNLIA G R B b 1 1 2 5T, TE fe et
FALYIE A B AL S AR R B R R
O MR . BT 58 & B, BB M (Rana
nigromaculata ) 7552 2 5 H B s 5 , HF AR A
JIE () SOD 3 M1 CAT 3 MEH K™ CAT g
HEIF R SOD HEALTE M4 A B BT 7~ 4E /Y H,0,,
MR T 5 4k X LA T F Y H,0 F1 0,1,
POPRILIAE) % BUMTFL I DL ( Chamys farreri) 78 %
FIRGATRIR GG, A ) CAT G HEFE 15 h
FRER A, CRE—MEEREN, B A
FHE Ji 20 A0 Tt i e W2 W — 4% 1 R ( nicotinamide
adenine dinucleotide phosphate, NADPH ) ¥ 5 f¢ %l
A D H K (glutathiol , GSSG ) fi# Ak S ik J5 B4
B K (glutathione, GSH) ™' 3 4 44 4 4y s
GSH/GSSG R FIPRFFHLIAR S I Hh 2 10 ke
HRHEAE R . BFFE 45 R R, SOD  GR | CAT
fRIE PN T-AOC 7E 5 iy Ja i b 2 2 i TR
JIANG 255 FE gt 36 A b o 40 i 3l 5 00 1) B0 5
b A2 AR S R, XTE—E R B AR
J5 B AERCARA LA E AL 10 500 AN DR 4 7 1
R RBERPE

108 3t 2 2 R R A I 1) Y R 3R B
(R ZHZUIR 28 B T8 AL Tl F BT 4846 RE 01 78 W 18 1Y) 43
ATHEATHRESE , Ry 7 0 0 {5 58 RN A ) 1 BEAE TH
AN GBI b Y 22 e it 7 — & MRl TR

S 3Rk
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Evaluation of tissue status of cultured black carp and distribution
characteristics of digestive enzyme and antioxidant enzyme in the intestine

ZHOU Fenglin', TAO Lizhu', WANG Anqi', MAO Siqgi', XU Xiaoyan', LI Jiale'*”’, SHEN Yubang’
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghat 201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University,

Shanghai 201306, China; 3. National Demonsiration Center for Experimenial Fisheries Science Education, Shanghai Ocean
University, Shanghai 201306, China)

Abstract; In order to evaluate the status of different tissues and analyze the functional differentiation of
different intestinal segments of black carp under cultivation conditions, histological semi-quantitative system
was used to evaluate the gill, liver, spleen and intestine and enzyme activity detection method was used to
analyze the distribution of digestive enzyme and antioxidant enzyme in different intestinal segments of black
carp. The results showed that the gill, liver, and spleen of black carp were in good condition and with class [
and class [I changes and the intestine was the most affected organ and with class Il changes. Mucosal
epithelial cell hyperplasia and lamina propria friable and necrotic were found in Intestinal histological
analysis. Fulton’ s Conditional factor ( CF) of the black carp ranged from 1. 01 to 2. 30 with an average value
of 1. 19 and Hepatic somatic index ( HSI) ranged from 0.29 to 0. 93 with an average of 0. 58, which indicated
that the detected black carp were in good condition. The distribution of digestive enzyme and antioxidant
enzyme in the different intestine segments was significant differences and the activity of amylase, lipase and
trypsin in foregut is significantly higher than hindgut. Different from the digestive enzyme, the activity of
superoxide dismutase (SOD), glutathione reductase ( GR), catalase ( CAT) and total antioxidant capacity
(T-AOC) in the hindgut were significantly higher than foregut. The results can provide references for the
evaluation of the tissue status of cultured fish and the analysis of the functional differences between different
parts of the intestine.

Key words: Mylopharyngodon piceus ; intestine; histology; enzyme activity; health evaluation
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LB RIS 2. 8 1 BN AR (i sk) 5 3. SRATZURSE; 4. IEH ATLLEL; 5. PR 3k I IE 5% dh 22 4k 6. P14 RUIRIRAE
(Hi3k); 7. IEW MY 8 MMAILURSE(HiK) 5 9. IEF B 10 BB LR A (k) 5 11 IR )2 5 FERBE (k) o
1. Normal gill tissue; 2. Epithelial hyperplasia of gill (arrow) ; 3. Necrosis of gill tissue; 4. Normal liver tissue; 5. Slightly dilated sinusoid of

liver; 6. Spotty necrosis of liver (arrow); 7. Normal spleen tissue; 8. Necrosis of spleen tissue (arrow); 9. Normal intestine tissue;

10. Mucosal epithelial hyperplasia of intestinal (arrow) ; 11. Intestinal lamina propria friable and necrotic ( arrow).
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Plate Representative images of histological change of black carp
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